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CO-EXTRUDED FILMS, AND TAPE PRODUCTS AND 
ARTICLES OF MANUFACTURE CONTAINING THEM 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

The present invention relates to a process for producing a co-extruded 
film, to the film produced thereby, to tape products comprising the film and to 
uses of the tape products. 

2. Description of Related Art 

Monoaxially oriented polypropylene ("MOPP") films are well known. 
These films are typically made by processing polypropylene granules through a 
film die to yield a bulky precursor film, then the precursor film is stretched in 
one direction, for example, on a roll-type drawing frame, to yield the final MOPP 
films. 

The act of stretching "orients" the MOPP films with the result that they 
typically are characterized by great tensile strength in the direction of the 
stretching. At the same time, these MOPP films are characterized by unacceptable 
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weakness in the cross direction perpendicular to the direction of the stretching. 

When the films are cut into tapes and other products, "micronicks" may 
appear along either long edge. Because the film is weak in the cross direction, 
these micronicks have a tendency to emerge in the cross direction ultimately ' 
leading to failure. 



Engelmann et al, VS. Paten, No. 5,093487, the entire disclosure of which 
is hereby incorporated by reference, solves this problem by contending the 
polypropylene film with a layer of, for example, polyethylene film. This second 
layer is "tougher" than tire polypropylene film in that the second .ayer is 
resistant to me formation of micronicks. Because the second layer is adhered to 
•he polypropylene layer either micronicks do not form in the polypropylene layer 
or any micronicka tha, do form do no, progress in the cross direction with tire 
result that in either case such co-extruded tapes are less likely to fail. 

Engelmann et al teach tha, me met preferred arrangement is to have the 
polypropylene base layer or layers account for 65-75% of me thickness of the co- 
exteuded film, which meam ^ Ae ^ ^ fa ^ 

polyethylene layer, should account for me remaining 25-35%. See column 5, 
lines 16-21. Thus, for example, fte mos, preferred films. which m ^ ta ^ 
examples, are characterized by a total thickness of 83-87 »un. of which 60-63 pm of 
thickness is tine polypropylene base layer, which means tha, tine remaining 20-27 
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\un of thickness is the second layer. See, especially, column 6, lines 29-33. , '. • ; 

Applicants have discovered that films prepared in these proportions are 
characterized by an unacceptably high longitudinal elongation at break, which 
makes them unsuitable for some purposes. For example, these tapes are used to 
tear open closed structures such as envelopes and boxes. The tapes are applied to 
the closed structures on a manufacturing line. At high line speeds, which are 
desirable, these films are pulled along the length and stretched over a portion of 
the closed structure and then adhered thereto and cut. Because of the 
unacceptably high longitudinal elongation at break, these tapes exhibit a rubber 
band-like quality and recoil when cut leading to inadequate coverage across the 
closed structure. 

As a practical matter, the longitudinal elongation at break should be no 
more than 35%, which is, by the way, what Engelmann et al show is exhibited by 
non-co-extruded comparison tapes A, B, and C See Table 1 at column 8, lines 41 
ff. By way of contrast, the tapes of Engelmann et al are reportedly characterized by 
a longitudinal elongation at break of at least 40%, although Applicants have 
discovered that the commercial embodiment falling under this patent is 
characterized by a longitudinal elongation at break of at least 55%. 

Another problem associated with MOPP films, particularly adhesive tapes 
made therefrom, is that such tapes, when unwound from rolls are characterized 
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by "shredding" or "fibrillation." Wheii wound into a roll, the adhesive layer 
becomes adhered to the polypropylene layer so that, when the tape is unwound 
from the roll, the adhesive pulls off filaments of the polypropylene layer 
resulting in a shredded appearance of the tape. Not only is the aesthetic 
appearance of the tape greatly diminished, but the presence of these shreds 
adhered to the adhesive results in greatly diminished tack where there are 
numerous such shreds. 

Engelmann et al solve this problem by coating with an adhesive-repellant 
release layer on the side of the film that is not coated with the adhesive. See 
column 5, lines 66-68. However, the examples make use of a commercially 
available silicone release lacquer. See column 6, lines 39-42, The use of silicone 
release lacquers increases production costs and drying times and decreases 
manufacturing speeds. 

SUMMARY OF THE INVENTION 

Accordingly, it was one object of the present invention to provide a co- 
extruded film having longitudinal elongation at break properties similar to those 
' exhibited by the prior non-co-extruded films of the marketplace, namely a 
longitudinal elongation at break of no more than about 35%. 

4 
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It was another object of the present invention to provide, a co-extruded 
adhesive tape that either dispensed with the need for an adhesive-repellant 
release layer altogether or else incorporated adhesive-repellant release coatings 
that were cheaper and more efficient to apply. 

These and other objects were met by the present invention, which relates 
in a first embodiment to a film comprising:. 

(A) a base layer; and 

(B) a reinforcing layer adhered to (A); 

Wherein (B) is made of a material that is tougher than (A), (B) forms a 
continuous layer over a surface of (A) and the thickness of (B) is less than 25% of 
the total thickness of (A) + (B). 

When it is stated herein that reinforcing layer (B) is made of a material 
that is "tougher" than base layer (A), it is meant that reinforcing layer (B), when 
subjected to an impact load from which base layer (A) already suffers a brittle 
fracture, is deformed without fracture. Thus, reinforcing layer (B) preferably has 
higher impact strength, elongation and energy absorption 

As compared to the films described by Engelmann et al, the inventive 
films are characterized by outstanding film properties. While, as noted above, 

5 



SUBSTITUTE SHEET (RULE 26) 



PCT/US98/11332 

WO 98/56581 

the filins described by^ Engelmann et al are reportedly characterized by a 
longitudinal elongation at break of at least 40%, and the commercial 
embodiment falling under this patent is characterized by a longitudinal 
elongation at break of at least 55%, the inventive films are characterized by a 
longitudinal elongation at break of no more than about 35%. 

Surprisingly, the improved properties of the inventive films are achieved 
without a loss of tensile strength. Thus, for example, 63 urn thick films prepared 
according to the present invention exhibited an ultimate tensile stress, measured 
longitudinally, of 70-80 N/4 mm. By comparison, the exemplified films of 
Engelmann et al, which varied in thickness from 83-85 urn, exhibited an ultimate 
tensile stress of 65-73 N/4 mm. The higher tensile stress of the inventive films is 
surprising because tensile strength increases nearly linearly with increasing 
thickness. Therefore, the inventive film, being thinner, would have been 
expected to exhibit a lower tensile strength, but this was not observed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail with reference to the 
drawings, wherein: 

Figure 1 is a schematic of a two-layered film according to the present 
invention; 
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Figure 2 is a schematic of a five-layered tape product according to the 

present invention; 

Figure 3 is a schematic of a series of three packaging bags joined together by 
two strips of the tape product according to the present invention; 

Figure 4 is a schematic of an envelope adapted to be sealed and then 
opened by pulling on a tape reinforced with a tape product according to the 
present invention; and 

Figure 5 is a schematic of a shopping bag reinforced around the handle 
opening with strips of the tape product according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In general, the selection of materials for the base and reinforcing layers is 
as set forth in Engelmann et al. The main differences between the inventive 
films and those of Engelmann lie in the thickness of the reinforcing layer and the 
properties that result therefrom. The inventive films may comprise multiple 
base and reinforcing layers, but, in this event, the total thicknesses of all base and 
reinforcing layers should not exceed the parameters set forth herein. 

Thus, the base layer comprises a polypropylene-olefin copolymer and/or a 
' polypropylene toughening additive mixture. In a preferred embodiment, the 
base layer contains predominately, preferably at least 70%, of a high impact 
modified polypropylene. For this purpose, random or block copolymers of 
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propylene and olefins are preferably used 

The base layer may contain up to 100% propylene-olefin copolymers or, 
admixed to these copolymers, may contain up to 25% of a toughening additive. 
This is suitable for improving the tensile impact strength of the polypropylene in 
the cross direction. Preferred toughening additives are linear low density 
polyethylene (LLDPE), thermoplastic rubbers such as butadiene-styrene 
copolymers (SBS) or isoprene-styrene copolymers (SIS), particularly their block 
copolymers in each case, or ethylene-vinyl acetate (EVA). 

The base layer may also contain polypropylene homopolymer, but then 
also contains a toughening additive, preferably at least 10%, but not greater than 
30%. 

Mixtures of propylene-olefin copolymers and propylene homopolymer 
may also be used. In this embodiment the proportion of the toughening 
additives may be reduced in accordance with the increasing copolymer 
proportion. 

The toughening agents are preferably added individually. However, 
mixtures of toughening agents can also be used. 

The base layer preferably contains 75 to 100% of copolymer and 25 to 0% of 
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LLDPE, or 80 to 100% copolymer/and 20 to 0% thermoplastic rubber, in particular 
SBS or SIS, or 75 to 100% copolymer and 25 to 0% EVA. Especially preferred is a 
blend of 80 to 95% copolymer and 5 to 20% LLDPE, or 85 to 95% copolymer and 5 
to 15% thermoplastic rubber, in particular SBS or SIS, or 85 to 95% copolymer and 
5 to 15% EVA. 

In an especially preferred embodiment, the base layer contains propylene- 
ethylene copolymer and this is blended with, as the toughening agent, linear low 
density polyethylene, wherein the ratio of copolymer to blended polyethylene 
ranges from 75:25 to 95:5, and preferably from 90:10 to 95:5. 

For the reinforcing layer arranged on the base layer, mixtures of materials 
are used which preferably contain clearly higher proportions of a toughening 
additive and/or are distinguished by a higher tensile impact strength than the 
base layer. A reinforcing layer preferably contains polypropylene, in particular up 
to 65% propylene-olefin copolymer or 55% propylene-homopolymer, as specified 
for the base layer, preferably at least 20% in each case, to which preferably 35 or 45 
to 80% of a toughening additive, in particular LLDPE, thermoplastic rubbers or 
EVA, are added. The toughening additives are preferably added individually. 
However, again, mixtures of toughening additives may also be used. Here too, 
' mixtures of the polypropylene-olefin copolymers and the propylene 
homopolymer may also be used. As in the base layers, the toughening additive 
effects an improvement in the tensile impact strength, in particular in the cross- 
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direction. 

The reinforcing layer preferably contains 20 to 50% copolymer and 80 to 
50% LLDPE, or 50 to 70% copolymer and 50 to 30% thermoplastic rubber, in 
particular SBS or SIS, or 20 to 40% copolymer and 80 to 60% EVA, but, it is 
particularly preferred that the reinforcing layers contain 30 to 40% copolymer and 
60 to 70% LLDPE, or 55 to 65% copolymer and 35 to 45% thermoplastic rubber, in 
particular SBS or SIS, or 25 to 35% copolymer and 65 to 75% EVA. 

In an especially preferred embodiment, the reinforcing layer contains 
propylene-ethylene copolymer and this is blended with linear low density 
polyethylene, wherein the ratio of copolymer to blended polyethylene ranges 
from 50:50 to 25:75, and preferably from 40:60 to 30:70. 

For good compatibility between the layers, it is preferred that the same 
toughening agent be used in the base layer and the reinforcing layer. However, 
the use of different individual toughening agents or different mixtures of 
toughening agents is also possible. 

The LLDPE, which is especially contemplated, is a special ethylene 
copolymer having a density of about 0.910 to 0.935 g/cm 3 , copolymerized with the 
use of an olefin containing at least three, preferably 3 to 10 carbon atoms. See L. 
Schwiegk: "LLDPE-ein neues Polyathylen" (LLDPE-A new polyethylene), 
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pi^Thdter (Fabricator in plastics), 33rd year, 1982, No. 9, pages 1035-1037. 

For the preferred base films according to the invention, an LLDPE having 
1-octene as comonomer, which has a density of approximately 0.920 g/cm 3 , is 
used. 

A block copolymer having a styrene content of approximately 50% is 
preferably used as butadiene-styrene toughening agent. The use of similarly 
acting styrene-isoprene copolymers is likewise possible. 

A polymer having a vinyl content of about 45% is preferably used as EVA 
copolymer. 

Base layers and/or reinforcing layers may additionally contain smaller 
proportions, preferably up to 10%, in particular up to 5%, of further suitable 
polymers and/or conventional additives. 

The inventive films are preferably obtained by co-extrusion of the 
materials comprising the individual layers into a co-extruded primary film and 
subsequent stretching of the primary film in at least one direction using 
conventional techniques. It is also possible to extrude and stretch the individual 
layers, then laminate the individual layers together. Stretching is preferably 
carried out in the longitudinal direction. 

11 
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The stretching ratio, as defined by Engelmann at column 5, lines 3-13, in 

N 

the longitudinal direction is preferably 1:5 to 1:9, particularly 1:6.5 to 1:7-5. 

The thickness of the ultimate film is such that the combined thickness of 
all reinforcing layers is less than 25%, preferably less than 15%, and particularly 
preferably less than 10% of the thickness of the entire film. Referring now to 
Figure 1, there is shown a cross-section of a film 10 according to the present 
invention, which comprises base layer 11 and reinforcing layer 12. In a preferred 
embodiment, the thickness of base layer 11 ranges from about 60 ^m to about 125 
\xm and the thickness of reinforcing layer 12 ranges from about 2 \xm to about 10 
jim. In the case where there are multiple base layers and/or multiple reinforcing 
layers, then the combined thicknesses of the base layers ranges from about 60 \im 
to about 125 ^im and the combined thicknesses of the reinforcing layers ranges 
from about 2 \im to about 10 \xm. In an especially preferred embodiment, there is 
a single base layer ranging in thickness from about 60 [im to about 125 \im and a 
single reinforcing layer ranging in thickness from about 3 ^un to about 5 um. 

Referring now to Figure 2, the inventive films may be incorporated into a 
tape product 20, which exhibits the advantageous properties mentioned above. 
' The tape product depicted in the figure consists of base layer 11, reinforcing layer 
12, adhesive layer 21, primer layer 22, and optional adhesive-repellant release 
coating layer 23. For the adhesive, primer and optional release coating layers, any 
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' conventional materials may be used. The adhesive is preferably selected from 
the group consisting of a natural rubber-based adhesive, a synthetic rubber-based 
adhesive, and an acrylic-based adhesive, and is a hot melt-based adhesive, a 
solvent-based adhesive, or a water-based adhesive. In one preferred 
embodiment, the release coating layer is present and constitutes a carbamate 
release coating, for example, a polyvinyl octadecyl release coating such as 
ESCOAT P-20™ from Anderson Development and RA95-H™ from Mazo n 
Corporation. In another preferred embodiment, the tape product lacks the 
release coating. 

- The inventive tapes are applied to articles of manufacture for various 
well-known purposes, for example, for tearing or reinforcing. In a preferred 
embodiment, which is depicted in Figure 3, the article of manufacture is a series 
of packing bags 30, wherein the individual bags 32 are joined together by strips 31 
of the inventive tape product. In another preferred embodiment, which is 
depicted in Figure 4, the article of manufacture is an envelope 40 comprising a 
tear tab 41, for opening the envelope after it is sealed, wherein the tear tab 41 is 
reinforced by the tape product 42 according to the present invention. Tear tapes 
like these are well known and used to open many types of packages, for example, 
not only envelopes, but also detergent boxes, cigarette packages, etc. In another 
preferred embodiment, which is depicted in Figure 5, the article of manufacture 
is a shopping bag 50, which comprises an opening 51 in the handle region, 
wherein the opening is reinforced on all sides by vertical tape product strips 52 

13 
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and horizontal fape product strips au,^ refa£orcement „ ^ ^ ^ 
»T« of arudes, for exampie, „ only shopping „ ags< ^ ^ ^ ^ ^ 
albums, holes in notebook paper, etc 

When the corded film is cu, into tapes, preferably a regulaa blade is 
used so una, the producdon or micronicks is avoided. A regular biade produces a 
normal edge, which is substantial* without micronidcs. In spite of the 
foregoing, where i, is desirable to produce micronicks to make the tapes 
intendonally easily tearable in the crtss-wiae direcdon. men me fflm can be cu, 
into tapes using, for example, a serrated blade. 

The invention wil. now be described in further detad by reference to the 
following non-limiting example: 



Example 

From a main extruder, there was extended a 1530 mm wide base layer from 
a blend of an impact modified polyprop yl(me (7C06 ™ resfa fom ^ ^ ^ 
low density polyemytene (2032» resin mam Dow,, and a co.oran, (1051672 
™™ from Specteum, The rado of the impact modified polypnea to the 
•mear >ow density polyethytene was 93 to 7% by weight The main extruder 
consisted of five zones, which operated a, temperatures between 215 and 25TC. 
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Onto this base layer, from a co-extruder, there was co-extruded a 1530 mm 
wide reinforcing layer from a blend of 7C06™ resin, 2032™ resin, and a 
defibrillating agent (HY6100™ resin, also from Shell). The ratio of 
7C06™:2032™:HY6100™ was 39.6:603:0.1 percent by weight The co-extruder 
consisted of three zones, which also operated at temperatures between 215 and 
250°C 

After extrusion, the film was first cooled to 35 to 40°C, then passed through 
two cooling and one glazing rolls, which were operated at 80 to 85°C Thereafter, 
the film was passed through a preheating roll, which was operated at 
approximately 108°C, then subjected to an orientation at 120°C. Subsequent to 
this, the film was annealed by passing the film over an annealing roll, which was 
operated at 130°C, then over a series of progressively cooler cooling rolls. 

The amount of extruded material was varied to yield three inventive tapes 
having thicknesses of, respectively, 63, 72 and 120 fim. For comparison, a 63 ^im 
and a 120 |jjxt film, each lacking a reinforcing layer (''No PE") , were also 
extruded. The 63 |xm, no PE, film was comprised of 80% by weight HY6100™ and 
20% by weight 2032™. The 120 \im, no PE film was comprised of 7C06™ and a 
small amount of a colorant The resulting films exhibited the properties shown 
in Table 1. 
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Table 1 



9 ThiclcnfM*s 
J (Um) 


Strength 
(N/4 mm) 


impau 1 cHollc 

Strength 
(kj/m*) 


LOdU AI J.U /o 

Elongation 
(N/4 mm) 


elongation 
To Break 
(%) 


63 ±3 urn 
(PE 1 = 2-8 urn) 


72.8 


7777 


38.4 


35 


72 + 3 nm 
(PE = 2-8 nm) 


792 


2130 


42.4 


32 


120±6^m 
(PE = 2-10 Jim) 


120 


2400 


64 


23 


63±3 ixm 
(NoPE) 


68.8 


1800 


36 


40 


120 ± 6 nm 
(NoPE) 


152 


2800 


80 


35 



1 PE indicates the presence of a polyethylene layer of the indicated thickness 



It will be appreciated that the instant specification and claims are set forth 
by way of illustration and not limitation, and that various modifications and 
changes may be made without departing from the spirit and scope of the present 
invention. 
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WHAT IS CLAIMED IS: 

1. A film comprising: 

(A) a base layer; and 

(B) a reinforcing layer adhered to (A); 

wherein (B) is made of a material that is tougher than (A), (B) forms a 
continuous layer over a surface of (A) and the thickness of (B) is less than 25% of 
the total thickness of (A) + (B). 

Z The film according to claim 1, wherein base layer (A) comprises 
polypropylene-olefin copolymer. 

3. The film according to claim 2, wherein base layer (A) further 
comprises blended polyethylene. 

4. The film according to claim 3, wherein the ratio of blended 
polyethylene to polypropylene-olefin copolymer in base layer (A) ranges from 
25:75 to 5:95. 

5. The film according to claim 1, wherein reinforcing layer (B) 
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comprises polyethylene. 

6. The film according to claim 5, wherein reinforcing layer (B) further 
comprises blended polypropylene-olefin copolymer. 

7. The film according to claim 6, wherein the ratio of blended 

v polypropylene-olefin copolymer to polyethylene in reinforcing layer (B) ranges 
from 50:50 to 25:75. 

8. The film according to any one of claims 1-7 wherein the thickness of 
said base layer (A) ranges from about 60 urn to about 125 \xm and the thickness of 
said reinforcing layer (B) ranges from about 2 \un to about 10 nm. 

9. The film according to claim 8, wherein the thickness of said 
reinforcing layer (B) ranges from about 3 pjn to about 5 \im. 

10. The film according to claim 8, which is prepared by co-extruding 
said base layer (A) with said reinforcing layer (B). 

11. A tape product comprising: 

(A) the film according to any one of claims 1-10; and 

(B) an adhesive coated on film (A). 
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12. The tape product according to claim 11, wherein the adhesive is 
selected from the group consisting of a natural rubber-based adhesive, a synthetic 
rubber-based adhesive, and an acrylic-based adhesive. 

13. The tape product according to claim 12, wherein the adhesive is a 
hot melt-based adhesive, a solvent-based adhesive, or a water-based adhesive. 

14. The tape product according to claim 11 further comprising an 
adhesive-repellant release material coated on film (A) on a side opposite that on 
which adhesive (B) is coated. . 

15. The tape product according to claim 14, wherein the adhesive- 
repellant release material is a carbamate release coating. 

16. The tape product according to claim 15, wherein the adhesive is 
selected from the group consisting of a natural rubber-based adhesive, a synthetic 
rubber-based adhesive, and an acrylic-based adhesive. 

17. The tape product according to claim 16, wherein the adhesive is a 
hot melt-based adhesive, a solvent-based adhesive, or a water-based adhesive. 

18. An article of manufacture comprising the tape product according to 
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19. The article of manufacture according to claim 18, which comprises a 
series of packing bags adhered in series by said tape product. 

20. The article of manufacture according to claim 18, which comprises a 
sealed package comprising said tape product and adapted to be opened by pulling 
on one end of said tape product. 



21. The article of manufacture according to claim 18, which comprises a 
container reinforced with said tape product. 
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